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ABSTRACT ; . 

V Con jugate' reinforcement is a new attention measure 

which has;:emerged from experimental psychology. It c^an provide 
accurate measurement of a subject' s. attention to a stimulus. In 
conjugate reinforce'^ent, the duration of the stimulus varies directly 
and immediately wit.i the subject's rate of response. In this process , 
the subject must demonstrate his attention continuously by pressing 
small key at. ...a~-^. required rate tb^ maintain the presentation of the 
stimulus. This paper provides, a brief introduction to the techniques. 
It discusses the background of the reinfprcement system, defines the 
concept, and describes a series of procedures in which it..^^has been 
used* It also explains applications of the procedures and^ describes 
the advantages of the techr^ique. The , technique is useful in helping 
to explain how learning from audiovisual aids takes place, 
(Author/JK) . 
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COMJUGATE KE.lrjrORCEME.IT 

Learning from audio-visual materials is o complex procedure not 
completely understood by researchers, iiany learninq theories I'^hicli attempt 
to' describe tiie leerning process have segmented learning into various steps. 
In learning from audxorvi sua 1 media, one 5tep,wliich appears to bo most 
important is attention. (Lewis, 1972) Attention is seen as a 
behavioral ly emitted response wh i cli increases a subject's contact vnth the 
stimulus and which can be functionally related to tiiat stimulus. Many 
measures of attention liave been used by researchers. Some, include eye 
movements and bodily orientation responses. . 

This paper describes a nev7 attention measure which has emerged from 
experimental psychology, called conjugate reinforcement. In conjugate 
reinforcement, the duration of the stimulus varies directly and immediately 
\';ith the subject's rate of response^ In the conjugate reinforcement procedure 
the subject must demonstrate his attention continuously by pressing a 
small !;ey at a required rate to maintain the presentation of the stimulus. 

TRe object of the paper is to provide a . brief int roduct ion to conjugate 
reinforcement, its value and its relationship to the object ives of the 
Computer Based Project. The paper follows the following format. At the 
outset, the background of the conjugate reinforcement system is discussed. 
Then, conjugate reinforcement is defined, and a series of procedures which 
have been used are described.^ The purpose of this section is to give the 
reader some idea pf^the methods in which the procedure may be used. A review 



of related literature shows the application of tlie procedure. Then the 
relationship of conjunate re inforceinent procedure to otiier measures of 
attention is [irovided followad by a section on the advantaqes and uses of the 
conjugate procedure. Finally, the applications of the procedure to the 
project are delineated. 



BACXGROUfiD 

The conjurjate reinforcenent procedure has its roots in operant 
psychology, particularly the type fostered by r^. F. Skinner (l!^53). One of 
Skinner's basic principles of learning is that a reinforced response has a 
higher probability of re-^occurrence tlian a non-reinforced response. In 
tradltionol operant conditioning studies, a specific response such as a bar 
press is reinforced by giving tiie subject a primary reinforccr sue!) as food 
or candy (Reese, I966). The subject is reinforced on a definiLe schedule 
of reinforcement, such as Fixed P^atio 3 (FR 3) schedule in \vhic!i every third 
response is reinforced (Ferster and Skinner, 1957)- 

Lindsley (I956) and Haer (ISGO) using Skinner's techniques shovved t!iat 
subjects would respond to maintain the presence of pictures. In these studies 
no primary reinforcers (food) or secondary reinforcers (praise) Vv/ere used. 
The only reinforcement for maintaining the picture v;a5 tl^e picture itself; 
i. e., the picture served botli as stimulus and reinforcement. Once it v/as 
determined that pictures had reinforcing value, the conjugate reinforcement 
procedure v^as developed. 

DEFIHITIOM OF CONJUGATE REINFORCEMENT 

In conjugate reinforcement the presentation time of the stimulus varies 
directly and immediately with the subject's rate of response. For example, 
if. the stimulus is a slide and the. response is a button press, a number of 
presses, e. g. 60 per minute, will keep the stimulus visible all tlie time. 
A rateof ^}0 responses per minute will keep the st imu lus vi s i bl e only 66?^ 
of the time. Lindsley (1962) notes ti tlv:\ continuous re 1 nforcement aval lable 
with the conjugate reinforcement system permits a finer analysis than the 
former episodic reinforcement schedules e. g., the FR 3 nientioned above. 



Bijou and Oaer (I965) note that the technique may be ideal for neasuring. 
attentiQ.n since variations in the stimulus may be acconpanied by vnriations 
in the response rate. ; , . 

. ' PROCEDURES 

In a typical conjugate re inforcemenf procedure , the subject first enters 
a controlled environment which seeks to eliminate extraneous stimuli. We 
sits in a comfortable chair and the response unit is demonstrated. Response 
units haye^^yaried from a push-button microswitch to a foot pedal. The 
conjugate programming apparatus is set to the actual number of presses, that are 
required to maintain constant presentation of tlie stimulus, flach time the 
subject presses the button, the stimulus will be presented for the .fixed 
period of time. The stimuli are now presented and the rates of response 
recorded using a cumu 1 at i ve recorde r. 

After the session, the records are exami.ned to determine the stimuli 
which were accompanied by high attention and those which were accompanied by 
low attention. A high rate indicates high attention while a low rate shows 
low attention. Ilany studies have souglit to val i date the information obtained 
using conjugate reinforcement procedures by asking for verbal reports of 
preferance from the subject or by administering tests which seek to measure 
the recall of the stimuli.- 

Two types of conjugate reinforcement procedures have . been reported in the 
literature: the imul taneous and the sequential procedure. In the sequential 
systeni, two stimuli are presented successively. Li nds ley (1962) used a 
sequential system to evaluate television programs and commercials, lie 
compared the effectiveness of each secti.on of the program by comparing the 



response rate to a baseline pe rfornance o r to other sections of a pronram. 
I-Jathan and V/allace (I9G5) compared two television conr.ie rc i a 1 s us inn a 
sequential system. Both commercials were presented to the subject at different 
times in the same program. Response rates to eac'i v/ere recorded and compared 
to determine the effectiveness of each commercial. 

In a simultaneous system, botli stimuli are available. This technique 
- is useful where only two items are to be compared, fiy contn-st the sequential 
system can handle two or more items. Morgan and Lindsley (1S66) used a ' 
simultaneous procedure to conpait the reinforcing value of sten:.o of monophonic 
.music. Iwo responseunits were provided. Responses on one unit produced 
stereo music v;hile responses on the other unit produced monop!-,onic music. 
They found tiiat stereo was preferred by half of their subjects. 

REVIEl./ OF RELATED LITERATURI! /' 
Table 1 summarizes' some of the'studies that have beeh-..conducted usinn 
conjugate reinforcement. In this section, only studies with d.i re^rpHl-evanee-— 
to mediated materials will be reviewed in detail. 

Lindsley (l%2) measured the reinforcing effects of the visual and 
auditory sections of a television program and commercials. The subject 
pushed a small switch either to illuminate the screen or to hear the soundtrack. 

i 

Response rates of above 60 per minute kept, tiie stimulus at full intensity 
!vhile lower rates presented the stimulus at a lower intensity. Subjects 
responded differentially to commercials, a television showand a film, 
in addrtion, differential respondinn to sections of the stimuli uas observed. 
Lindsley noted tiiat the response could be likened to an artiWcial pupi 1 which ' 
the subject could open or close by pressing the button. .,..0t 
•of the technique proposed by Lindsley include interprogram comparisons and 



choices of technical procedures to be used in the-desinn of ncdiatecl materials. 

Hatlian and l/allace (I965) morlified Linsley's conjugate reinforcement 
technique in three ways: 1.1 subjects pushed foot pedals to provide:, 
cumulative records of both lookinn and listening responses made to produce 
the stimuli. Lookinn and listenino responses v/ere col lected s imu 1 teneous ly ; 
2. .the stimulus presentation i ns t njmentat ion \;as re-desinned to pernit the 
presentation of slides, television programs and sound notion pictures'; 
3- the response rate and force required to respond were adjusted for each 
individual by determining his baseline performance. Stimulus material 
presented consisted of a football game with four commercials interspersed. 
Results showed that the occurrence of the lookinn and listeninn responses ' 
were correlated; i.e., when a subject responded to look, _he also responded 
to 1 i sten . . 

Friedlander used the PLAYTEST, a simultaneous conjugate system to deter- 
mine children's a^d infants' preferences for speaker identity, voice 
inflection, and message redundancy„ (I968). Iri a later experiment (Friedlander, 
1969) he measured chi Idren 's discrimination of four loudness levels of natural 
^^sounds. Other studies by Friedlander i nyest i^jated stimulus degradation (inyOa) 
loudness and sound frequency (l970b) and word order (I97I) on operant preference: 
of ch i Idren. ,. 

Winters and Wallace (1 970) summarize conjugate studies and conclude that 
-the technique is "..'.(1) a reliable and valid measure of attention and Interest. 
(2) the sensitivity of the technique can be enhanced by bu i Id i ng ciioice 
v rntonhe stimulus sJ tuat ion, (3) the techn ique can pred i ct attent ion wearout 
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and recall. {h) it is not a solution to a]] attinude ciiange problens and 

(5) more researcii is needcrd...'' 

RnLATIOllSMIP TO OTHER i^EASUflES OF ATTEilTIOi! 

^''Sny P/pce^^^^^^ measuring attention iiave be-n sungested i. e. eye- 
movements, body movements and physiological measures, 'However, these 
procedures merely specify a set of behaviors that acconpany attention. The 
antecedant conditions are not specified, ilone of these measures require a 
subject to emit a response to maintain the presentation of the stimulus. 
The problem with this isrthat it is difficult to infer attention from one' 
of these responses such as eye movement. If a subject has his eyes on the 
screen is he attending? !le may be and yet there is no response specified to 
show that he is attending, i.e. the stimulus nny be reaching his receptors, 
but the experimenter does not know if it is going any further* 

The conjugate reinforcement system requires a suhj'ect to demonstrate 
his attention continuously. There is an empirical record of responses made 
in the presence of certain stimuli. With the conjugate system tfie other 
sets of behaviors can be related to the stimulus more readily than if no 
empirical measure of responding to the stimulus was available. For instance, 
If a subject maintains responding to a murder scene on a film and during that 
scene his pupils dilate, his heart. rate increases, his Galvanic Skin r^esi stance 
decreases , and hi s resp I rat ion rate quickens, it can be presumed that the sub- 
ject \s; responses v/ere made to that stimulus, ^'ithout the empirjcal measure 
provj.ded by the conjugate system, the stimulus being attended is. difficult 
to specify. • . \ 

Commercial broadcasters (Peatman and h'a 1 lonqu I st , 19'?5 and otfiers) have 
specified res^ponses \/hich a subject can make to deronstrate iiis preference 

.. . V - 6'-. ^ ■. . 
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or liking for a stimulus. The suljc^ct is asked to demonstrate Ills prnfcrc-ncc 
by pushing a button ranked "like" or 'VJisIike". -^tl^er researchers have asked 
tiie subject to turn a krfob in eitlier direction to demonstrate "1 il;.-" or 
"c!lsll!<e". 

Tliese methods have several shortcomings. One is that the experiwntar ' 
cannot specify what the response Paeans. I!e cannot specify the antecedant 
Conditions. The experimenter does not kno...- wheth-r the suhject is respondinn 
to the precoedinn stimulus or to the words "like" and "dislike". Tlie 
experimenter iias an empirical measure, but he cannot specify xA'.at that neaaure 
is. Tiie^ systems described aijove have bean used for nany years and have a" 
great deal of .validity, i. e. Pronrams ti;at have tested w-J I in pre-release 
testing using preference techni'ques have been rece i ved">.je I I . 

However, in the long run, the commercial broadcaster and others using 
this technique want to' know if tlie subject will continue to attend or will 
switch programs or turn off the set. Tlie conjugate reinforcement system 
■provides an empirical measure of just that - the degree to which the subject 
will respond to maintain the presentation of ti;e stimulus. The problem of 
Interpreting what the subject meant by "like" Is surmounted. 

The variable, measured by the conjugate reinforcement system can be exactly 
specified i. e.' the subject reisponded to maintain this stimulus and did not 
respond to maintain that stimulus. Like -the preference techniques, the measure 
Is continuous and sensitive, ilowever , un I i ke these techniques the conjugate 
system requires the subject to respond in order to maintain the stimulus. 
In the preference tecliniques tliere Is no requirement tiiat a response be 
emitted at any time. Tiie response of the subject !ios no effect on the presen- 
tation of the stimulus as in t'le conjugate system. 



ADVAiJTAGES Ai!D (JSFS OF THE CCUUGATE TrCililia'Ji: 
The conjunate re inforcerrient teciniique is useful for several reasons. 
It provides a continuous, sensitive, bei.aviora I measure of a subject's 
responses to maintc?in a stimuIuT> This gives tiie experimenter an index to 
v;hat is he inn perceived by the subject and vjhat is beinq accepted by lis 
cognitive system i. e. /the experimenter con refer to t!ie measure as an 
artificial pupi 1 whic!^ the subject con open or close !jy pressinn a button. 
It has ueen difficult in the past to net any f-i'i-asure on other processes wlii-ch 
may occur in perception and attentionT The conjugate system gives sone 
mer^sure of tiiose processes. 

In addition, the conjugate system cdn be adjusted for eac!i suijject. If 
a subject responds at a uniform rate to a stimulus presentation, the response 
cost can be increased so t'^at more effort is required to emit a response. In 
this manner an experimenter can empirically determine the value of parts of the 
stimulus presentation to the subject. 



The^effect of . capt ions on attention and learning has long been debated. 
V/ith a conjugate system, it would be possible to net en empirical measure of 
responding to produce captions. The subject can control the presentation of 
the captions inste-^d of the picture or sound. The result is an .-mpirical measu; 
of not only whether the caption vvas produced, but the duration of the responding 
Thus, an accurate measure of how long a- caption - needs "to be presented is 
avai lable. 

The conjugate reinforcement system appears to be a valuable method of 
determining or measuring t!ie attention given to any stimulus. It provides an 
empirical behavioral external measure Lhat gives an index to the other 



processes which occur in viewinn. 

'Mt!^ the construcrion of an experimental enclosure i/hich provides a 
controlled environment, the possi!:iIity of conductinn research usinr- the 
■ conjurjate procedure has become a reality at Cor);:>.it^-j r ^'^ased Project The 
next section suggests some studies which may be conducted. 

At CnP, researchers have designed and pilot-tested a senuentia) conjun,:::t 
reinforcement apparatus which has been used to measure the effect of several 
stimulus variations (color and degree of realise) on attention (Le\/is, in 
preparation),. Subjects are trained to emit the required kO responses per 
minute. Then, the stimuli are presented and the variations \n attending 
behavior noted. Later analysis shows whicli stimuli v/ere attended and to what 
degree. 

APPLICATIOMS TO CPP 
The -conjL.^gate technique and apparatus can be used for studies on the 
fo I J owing: 

1. Tioment to moment evaluation of films used at COP. Tiiis data could 
be added to the body of evaluation data Oii each f i In or sent to t!ie producers 
of the film. In this application, the varying rates of response to each 
section of the filmv/ould demonstrate that sect ion ' 5; ab ij i ty to maintain the 
attention of the subject. 

2. Filmstrips can he evaluated. The strip would be programmed to 
procede at its normal rate i. e. the subject would not be able to control the 
frame advance apparatus. However, the subject wo-jld be able to control the 
presentation of the stimulus, [fither the audio soundtracic or the pictures 
could be placed under the subject's control. The attent ion-maintaining abi lit 
of the stimuli could thus be determined. 



3. Studies on the effect of captions. The optimal presentation time 
of captions could be deternv ng the presentation of cdpt ions under 

the control of tlie subjec ih- Heat ion , pushinn the button would 

present the captions.. Records would show when the captions were :jroHuced and 
for how lonp. - • 

Studies on complexity of captions could be conducted. !n this 
situation, two captions for the same p icture woul d be presented to two 
groups of subjects. The caption eliciting the hirt|i^>r response rate would 
be judged superior. 

5. Studies on the effect of otiier stimulus variations are also possible. 
Complexity, hovel ty, conqru i ty , affective tone and degree of action are some 
of the stimulus properties that could be evaluated reoardinn their effect on. 
attention. 

6. The effect of a response set on attention can be deternincd. A 
typical response set might be knowledge of a post-test or some reword for 
emitting the response. 

7. Finally, studies on tiie effects of varying 50undtracl;s on attention 
could be conducted. Vari at ions .in the music, age level of narrator, natural 
versus, real sound and sound effects are possible areas of investigation. 

SUMMARY ' . } . 
This paper nas provided an introduction to conjugate reinforcement, a 
technique which can provide accurate measurement of a subject's attending 
behavior. The technique was described, some appi ications discussed and some 
Implications for the project were proposed. It is proposed that the project 
design and conduct experiments using the conjugate reinforcement procedures. 
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